This paper summarizes evidence suggesting that road improvement in rural areas can contribute significantly to lowering the incidence of poverty, improving educational participation of primary school aged children, and reducing rates of illness. This is done in the context of rural areas of the Lao People's Democratic Republic. It is widely recognized that rural roads in the countries are a major developmental problem. It seems obvious, just by inspecting these roads, that improving them would produce benefits. But demonstrating and quantifying the effects on indicators relevant to the Millennium Development Goals, such as the incidence of poverty, educational participation and health standards, is another matter. 
I. INTRODUCTION
How do development projects affect the welfare of the population? This question is fundamental to the operation of many public agencies, including multilateral and bilateral development institutions. The tools of analysis employed to study such questions are various and all have limitations. The basic problem is that the social sciences generally lack the possibility of controlled experimentation, which has been so successful within the natural sciences for identifying causal relationships. This fact necessitates the use of imperfect substitutes for properly controlled experiments as a method of determining the way interventions like public sector projects impact on social and economic variables of interest.
This paper seeks to determine the way that project interventions affect the achievement of basic social objectives such as the internationally adopted Millennium Development Goals (MDGs). These goals include poverty reduction and improvements in basic education, health, gender equity, environmental quality, and other objectives central to the agenda of development. If the activities of development institutions are to promote the achievement of these goals, it is necessary to know how project interventions affect them. That is not easy.
One approach is to use socio-economic surveys to study the statistical relationship between the incidence of poverty and the implementation of public projects of various types. The existence or non-existence of a project is treated as an exogenous (independent) variable whilst the impact variables (poverty, education, health, and so forth) are treated as the endogenous (dependent) variables. The relationships between the former and the latter may be studied with or without a project, in the case of cross-sectional data, or before and after a project, in the case of time series data. The fact that the 'experiments' concerned are not properly controlled is relevant, however. Suppose, for example, that areas with high levels of income per person had previously been chosen by the Government or another implementing institution for the location of a particular kind of project. If a study found that low incidence levels of poverty were statistically associated with the existence of the project this would not necessarily indicate that the project reduced poverty. It might simply reveal the way the government had decided about the location of the project. In this case, a better approach would be to study the changes in the variables concerned over time, using the change from one survey period to another. As with the cross-sectional approach, however, the problem is that many variables change over time, and not just the existence or non-existence of the project. The changes that occur over time might not be due to the project at all, but to some other variable which also changed over time.
Another approach is to use computerized models of the economy to study the way that economic changes, such as the existence or non-existence of a particular kind of project, affect variables of interest. The advantage of this approach is that it makes true experiments possible. The models facilitate the changing of one variable at a time and analysis of the effects that this change produces, holding everything else constant. The obvious disadvantage of this approach is that the results are only as good as the models that are used and it is often difficult for non-specialists to assess the quality of the models underlying the results and hence the value of the results themselves. All such models rest heavily on assumptions about the qualitative functioning of the economy and the quantitative relationships between variables of interest. These assumptions are always open to doubt and dispute, producing uncertainty about the reliability of the results that emerge from them. This paper reports on a case study that examined the effects of improved roads using the socio-economic surveys approach. An earlier study (Warr 2005) examined the effect of improved roads on consumption expenditures and measures of the incidence of poverty based on consumption. The present paper draws upon these results and also reports new results on the effect of improved roads on two other Millennium Development Goals: improved health and education.
II. SUMMARY DATA ON ROADS, POVERTY, EDUCATION AND HEALTH

Background
Since the late 1980s, a programme of market oriented economic reforms, translated from Lao as the New Economic Mechanism (NEM), has shifted the economy away from the rigidly socialist pattern instituted immediately after the declaration of the Lao People's Democratic Republic in 1975. Since the reforms began, overall economic growth has been impressive. From 1991 to 2002 annual growth of GDP averaged 6.2 per cent per annum, or around 3.8 per cent per person. The agricultural sector dominates employment, with 80 per cent of the workforce, and contributes about 50 per cent of GDP, down from just over 60 per cent in 1990. The country receives substantial external support. In 2002/3 external donors contributed 61 per cent of the Government's capital budget, representing 39 per cent of total public expenditure, and 7.6 per cent of GDP. Over the decade 1992-93 to 2002-03 estimates for the incidence of poverty in the country declined from 46 to 33.5 per cent of the population.
The reform process has been successful, but it is hardly surprising that many problems remain. One of the most serious, evident to any visitor to rural areas of the country, is the poor state of rural roads. Many villages have no road access at all, meaning that vehicles cannot reach them. They are accessible only by walking. Others have access only during the dry season, meaning that during the extended rainy season, vehicle access to their village is impossible. Poor roads impede the capacity to participate in the market economy. Reforms may remove prohibitions on participating in the market economy, but this might be of little help if roads are so bad that market participation is prevented by high transport costs. It seems likely that improved rural roads will improve living conditions in rural areas, but can this effect be demonstrated and quantified? That is the focus of this paper. It asks whether improving rural roads is an effective instrument for reducing poverty and for improving health and educational outcomes for the rural population.
Indicators of socio-economic progress in the Lao People's Democratic Republic
The most useful source of socio-economic data on the population is the Lao Expenditure and Consumption Survey (LECS). This survey has been conducted every five years since 1992-93. The number of households surveyed is around 8,900, about 1.2 per cent of the total number of households in the country, containing around 57,600 individuals.
1 The individual households sampled in each survey are seldom the same and, in any case, households are not identified individually and it is therefore not possible to compare the same households across time, using the LECS survey data.
Data from the LECS surveys indicate that in 2002-03, 77 per cent of the population resided in rural areas, but the incidence of poverty in rural areas (the proportion of the population with real expenditures below the poverty line) was almost double that of urban areas (figure 1). Most tellingly, rural areas accounted for 86.5 per cent of all poor people.
2 Poverty in the country is overwhelmingly a rural phenomenon and it follows that poverty reduction is primarily a matter of reducing rural poverty. We now turn to data which may help identify the determinants of poverty in rural areas and the ways it can be addressed, focusing on the contribution of roads.
"Distance to main road" is one of the variables listed in LECS, but this variable is known to be of unreliable quality, a point that is emphasized by LECS data enumerators. The variables "Rural with access to road" and "Rural without access to road" are considered more reliable and these are the data used in the present study. These variables reflect yes/no answers from households and are treated as dummy (0, 1) variables in the regression analysis. It can be shown that the share of rural areas in the total number of poor people is given by S P = α R P R /P, where α R is the share of the total population residing in rural areas, P R is the share of the rural population that is poor (that is, the headcount measure of poverty incidence in rural areas) and P is the share of the total population that is poor. Table 1 summarizies data assembled by Richter and others (2005) and presents results drawn from the three LECS surveys conducted to date. Between the LECS I and LECS II surveys (1992-93 and 1997-98, respectively) , both the format of the LECS survey and the sampling method used were changed. For this reason, accurate comparison of the results from these two surveys is difficult. The format and sampling method remained the same from LECS II to LECS III, so comparison between these two surveys (1997-98 and 2002-03 ) is more reliable and our discussion will emphasize these two surveys. The LECS surveys make it possible to classify households into three categories of road access: All season access, meaning wet and dry seasons; dry season access only; and no road access. No road access means that the village can be reached only on foot. Of all the nation's households, 77 per cent were rural in 2002-03, 43.9 per cent (57 per cent of all rural households) had all season road access, 13.1 per cent (17 per cent of all rural households) had dry season access, leaving 20 per cent (26 per cent of all rural households) without any road access at all. This problem of lack of road access is a particular problem in rural areas of the northern region, which is also the poorest. There, 38 per cent of households lack road access. In some specific areas of the country this problem is even worse. Along the northern border with Viet Nam the proportion is 53 per cent and along the southern border with Cambodia 54 per cent of households lack any road access. Table 1 shows that the proportion of the population residing in rural areas who had all season road access increased from 1997-98 to 2002-03 from 36 per cent to 44 per cent. This improvement in road access coincided with other dimensions of socio-economic improvement in rural areas. The headcount measure of the incidence of poverty in rural areas declined from 42.5 per cent to 37.6 per cent. Some part of this decline might be attributable to improved access to all season roads, but not all of it. Within the population having all season road access the incidence of poverty remained almost constant (declining from 31.7 per cent to 31.3 per cent), but it declined significantly within the population lacking any road access (from 50.8 per cent to 46.2 per cent). Events other than the improvement in roads must have caused the latter's change. The question that remains is to what extent, if any, can reduced poverty be attributed to improved roads? We return to this question in the following section.
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Of course, the headcount measure is only one indicator of absolute poverty, but other indicators show a similar picture. The poverty gap measure (unlike the headcount measure) is sensitive to how far a household's consumption per capita falls below the poverty line, it is also shown in table 1 and behaved very similarly to the headcount measure. Measures of inequality, like the Gini coefficient shown in table 1, are quite different. Measured inequality increased slightly in virtually all areas of the Lao People's Democratic Republic over this decade. Access to electricity improved in all rural areas over this decade, including both those with all season road access and those without it.
The LECS surveys also include data on other socio-economic outcomes of interest. Table 2 focuses on educational participation. It looks at the proportion of children in the primary school age group 5 to 12 who attend school. These data relate to LECS III, covering the year 2002-03. Not surprisingly, school attendance is highest among rural households who have all season road access, and lowest among those without road access, among both males and females. The data indicate that the average time taken to reach school per head of the school age population is actually higher among those with all season access than those without road access. But this is a consequence of lower school participation rates in the latter group. The average time taken to reach school among those actually attending school is highest for those without road access. Expenditure on education per student is highest among those households for which road access is best. This reflects higher incomes and the higher priority placed on education by the latter group. Table 3 summarizes data from LECS relating to health. The survey includes questions on the proportion of people who became ill in the past 4 weeks. This proportion is somewhat higher in households with low levels of road access. Moreover, in areas with poor roads, those who did become ill were less likely to seek treatment. In these households, more days were missed from work than in households with better roads and, not surprisingly, less was spent on transport to hospital. Source: Author's calculations from LECS III survey data, National Statistical Center, Vientiane.
Note:
Expenditure on education is measured in kip per student per month. Two features of tables 1 to 3 are especially notable. Firstly, the final row of "Population shares" in table 1 makes it clear that the change in road access over the five year period 1997-98 to 2002-03 was heavily concentrated in the provision of all season road access to households which already had dry season access. The proportion of rural households with "All season access" increased and the proportion with "dry season access only" declined correspondingly. But the proportion with "no road access" barely changed.
Secondly, turning to tables 2 and 3, by comparing households that have all season access against those with dry season access only and then comparing households with dry season access against those without road access, one clear point emerges. The greatest differences in education and health outcomes are in the second comparison -those with dry season access only against those without road access. Those who attained dry season road access, having previously had none, showed a greater improvement in education and health than those who attained all season road access, having previously had only dry season access.
The above suggests that improved roads coincide with lower levels of the incidence of poverty, higher levels of school participation, more spending on education at the household level, better standards of health and better care for those who become ill. However, areas with roads and those without roads differed in many respects. Therefore it is not possible to infer directly from these data whether improved road access is alleviating poverty and raising educational and health levels, or whether some other factors are at work. The following section will examine this matter.
III. ISOLATING THE EFFECTS OF ROADS ON POVERTY 3
Multiple regression is a way of coping with the fact that more than one factor which potentially influences the dependent variable is changing across the sample. This occurs when the data are not generated by controlled experiments, changing only one independent variable at a time. The problem that this raises is how to sort out the respective causal influences of each of these independent variables. The LECS surveys make it possible to deal, imperfectly, with this point, by taking note of the variation in many independent variables using multiple regression methods. Results are reported in this section. This section draws upon, but also updates, results presented in Warr (2005) reporting research supported by the Asian Development Bank Institute. The updating is based on the official 2002-03 poverty incidence estimates provided in Richter and others (2005) .
Does road improvement reduce poverty, and if so, by how much? The LECS survey has data on consumption expenditures at the household level. Data were converted into a per capita form and deflated by regional consumer price indices from concurrent months. This method takes account of both the regional variation in consumer prices and the variation in prices over time. The analysis regresses real household expenditure per capita on the independent variables shown in table 4, including road access, using dummy variables D for dry season access roads and W for an season access. Then these regression results are used to simulate the change in the distribution of real consumption expenditures that results from hypothetical improvements in road access, as explained below. The incidence of poverty is then estimated from these projected levels of real expenditures at the household level.
The regression results for LECS 3 are reported in table 4. To allow for province-specific effects provincial dummy variables were used, but for brevity, these results are not presented in this or subsequent tables of results. 4 The estimated coefficients had the expected values, including the education variables and asset ownership variables. The variables "access dry season" and "access wet season" each had the expected positive signs, and each was significant at the 1 per cent level of significance. According to these results, having road access in both dry and wet seasons was associated with higher levels of real expenditure per person, after allowing for the impact of other relevant variables.
The implications of these results for the incidence of poverty are explored in table 5. The method of analysis is illustrated in figure 2. The figure shows the projected cumulative distribution of the logarithm of real consumption expenditures per person obtained from the LECS III data set combined with the regression results reported in table 4. These data were assembled by calculating real consumption expenditures per person for all rural households, taking the natural logarithm and then sorting them from the lowest to the highest. The diagram shows three estimated distributions:
P1. The predicted level of real expenditures using the actual values of the dummy variables D and W as observed in the data as well as actual values of all other independent variables. The difference between this prediction and the actual data is the error of the regression.
4
As is standard practice, dummy variables were used for all but one of the 18 provinces. The effect of the 18 th , for which no dummy variable was used, is incorporated into the constant term. Of the 17 provinces shown in table 4, provinces 1 to 7 belong to the Northern region, province 8 and 10 to 13 belong to the Central region and 15 to 17 belong to the Southern region, along with the 18 th province (not listed in the table), Attapeu. The capital region, Vientiane Municipality (Province 9), is in a separate regional category. The difference between P1 and P2 is an estimate of the degree to which real consumption expenditures could be increased if all households had access to roads in the dry season, but wet season access remained as observed in the data. The difference between P2 and P3 is the degree to which real expenditures could be increased if all households had access to roads in the dry season and the wet season as well. Clearly, the difference between P1 and P3 indicates the overall potential for increasing real expenditures through road improvement.
Figure 2 then uses these calculations to project estimates of the incidence of poverty. The results of this exercise are summarized in table 5. In this exercise the poverty line is selected so that the predicted incidence of rural poverty (P1 above) replicates the incidence of rural poverty officially estimated from the LECS III data -37.6 per cent -as shown in table 1. In figure 2 , this is the uppermost of the three horizontal lines. The difference between the estimated incidence of poverty under condition P1 and P2 is 0.43 per cent of the rural population (the incidence of poverty under condition P2 is 36.17 per cent -the middle horizontal line in figure 2). The difference between P3 and P2 is a further 6.81 per cent of the rural population (the incidence of poverty under condition P3 is 29.36 per cent -the lowest of the three horizontal lines in figure 2) . Combining the two, the incidence of rural poverty in the Lao People's Democratic Republic could be reduced by 7.24 per cent by providing all season weather roads to all rural people. This number of rural people is equivalent to about 5.6 per cent of the total population of the Lao People's Democratic Republic. This reduction in poverty would be permanent, assuming that the roads were properly maintained.
A surprising feature of these results is that the difference between the incidence of poverty under condition P1 and P2 is small. Holding other variables constant, providing dry season access, by itself, does little for poverty reduction. Other conditions also have to be met, particularly educational conditions, the availability of electricity supplies and the presence of productive assets such as buffaloes. Much larger gains, in terms of poverty reduction, are available from upgrading dry season access to all-weather access. As noted in relation to table 1 above, the investment in road improvement that has taken place has primarily been the provision of all weather roads to households which already had dry season road access. The results above suggest that this was a good strategy for poverty reduction.
Between the execution of LECS II and LECS III, access to wet weather roads was provided to an additional 7.9 per cent of the rural population. This may be compared with the 47.3 per cent of the same population that lacked it in 1997-98. This improvement was therefore about one sixth of the potential increase in wet season access. Our simulation exercise above indicates that providing all weather access to all rural households would reduce the incidence of poverty by 7.24 per cent. Interpolating linearly, the reduction in the incidence of poverty may therefore be estimated at about 1.2 per cent of the rural population. The incidence of poverty in rural areas actually declined by 4.9 per cent over this same period (table 1) . Therefore, these results imply that about 24 per cent, or one quarter, of the reduction in rural the incidence of poverty that occurred between LECS II and LECS III can be attributed to improved wet season road access.
A possible objection to the analysis performed above is that it ignores the possible implications of a phenomenon now known as the "endogenous placement" problem. Suppose that, in the past, improved roads had been provided selectively to better off areas. This would mean that, in part at least, the cross-sectional statistical relationship between better roads and higher real expenditures which is observed in the data would not indicate that better roads caused real expenditures to be higher, but rather the reverse. In this case, it would be invalid to interpret the statistical findings reviewed above as indicating that improving roads reduces poverty.
This possibility was tested by assembling data on road improvement that occurred between the undertaking of LECS II and LECS III.
5 These data were assembled at the district level of which there are 140 in the country. The data are not derived from LECS but from an independent compilation of data from regional government offices and from the Ministry of Roads in Vientiane. Some judgment is involved in assessing whether roads were or were not 'all weather' and whether they were maintained. These judgments reflect the assessments of regional level officers of the Ministry of Roads.
The change in average real expenditures per capita between LECS II and LECS III was then related to the improvement or non-improvement of roads as captured in this data set. The results are summarized in table 6. The base level of real per capita expenditures in LECS II (1997-98) was significant and had a negative coefficient, meaning that better off households did less well in proportional terms (the dependent variable is the change in the log of real expenditures) than poorer households. The base level of road access in 1997-98 was less important in explaining the improvement in average real consumption expenditures at the district level than the change in road access, where the coefficient was significant (at 7 per cent) and numerically of similar magnitude to the value obtained from the cross sectional results.
A further test of the endogenous placement problem was conducted by regressing the change in road access that occurred between LECS II and III on the level of initial real per capita expenditure in LECS II. If a positive relationship was 5 See Warr (2005) for a full description of these data.
found, this would support the existence of an endogenous placement problem. The regression was done using provincial level observations. The means of the district level dummy variables for improved road access for each district within the province, as recorded between LECS II and LECS III, were regressed on the provincial means of the district level real per capita expenditure, as recorded in LECS II. If better off areas received preferential treatment in road improvement a significant and positive coefficient would be expected. The estimated coefficient was negative but insignificant. The existence of an endogenous placement problem was therefore rejected. These results are supportive of the findings of the cross-sectional analysis reported above, confirming that improving road access is a powerful instrument for raising the real consumption expenditures of households, thereby reducing poverty.
IV. ISOLATING THE EFFECTS OF ROADS ON EDUCATION AND HEALTH Educational participation
Does improving road access improve educational participation? Table 7 reports the results of regressing educational participation rates of children in the primary school age group on the same set of independent variables discussed above. Because participation at the household level is a binary variable (0, 1) for each child, participation was aggregated to the district level to obtain the average participation rate for the district, of children in the relevant age group. The independent variables were similarly aggregated to the district level. So far as road improvement is concerned, the results are not highly significant, but indicate tentatively that providing dry season access raises participation rates (which are significant at 13 per cent), but that providing wet season access has no additional impact.
These results are interesting in that they suggest that road access, by itself, is not the greatest determinant of school attendance. More important variables are the level of education of the head of the household (the variable "lower secondary") and the availability of clean water. Similar results apply to school participation of both female (table 8) and male children (table 9) . Over longer periods, improved roads may raise school participation, but these results suggest that in the short term addressing the availability of clean water is more important than providing improved roads.
Health standards
Does improving roads contribute to raising health levels? The LECS surveys include questions which are relevant to this issue. Table 10 reports a regression similar to that described above for education, but for which the dependent variable is the share of people in the district who reported having been ill in the previous 4 weeks. The results are surprising. They suggest that providing dry season road access has a powerful effect in reducing the rate of illness (significant at 2 per cent). How could this be? The mechanism may be that road access, along with the availability of clean water, makes it possible for the household to attain higher levels of hygiene. The ability to obtain treatment for those who become ill may also reduce illness among other members of the household. The level of education of the head of the household is again important (the variable "lower secondary"). The results presented in table 11 are loosely supportive of the effect of dry season road access in raising the likelihood of seeking treatment. However, the level of significance is not strong. 
V. CONCLUSIONS
This paper summarizes evidence suggesting that road improvement in rural areas of the Lao People's Democratic Republic can contribute to lowering the incidence of poverty, improving educational participation of primary school aged children, and reducing the rates of illness. It is widely recognized that rural roads are a major developmental problem. It is obvious by just inspecting these roads, that improving them will generate benefits. But demonstrating and quantifying the effects on indicators relevant to the Millennium Development Goals, such as the incidence of poverty, educational participation and health standards, is another matter. The results of this analysis suggest that for poverty reduction the important form of road improvement is the conversion of dry season access roads to all season access roads. This is in fact the principal form of road improvement that occurred in between 1997-98 and 2002-03. Over this same period, the incidence of poverty declined from 42.5 to 37.6 per cent of the rural population. The results of this analysis suggest that about one fourth of this amount of poverty reduction can be directly attributed to the conversion of roads which are accessible only in the dry season to roads which are accessible in all seasons. Source: Author's calculations from LECS III survey data, National Statistical Center, Vientiane.
Note:
For brevity, coefficients on provincial dummy variables have been deleted from the reported results.
Summary diagnostics:
R 2 = 0.602; adj. 0.425; s.e. of estimate = 0.0634; F = 3.399; significance level: p = 0.000.
The data also indicates that the improvement of roads has effects on educational participation and health standards. The results are not as robust, statistically, as those on poverty, but an interesting difference emerges. Whereas the positive effects are strongest for the upgrading of dry season access roads to all weather roads, educational and health benefits derive mainly from the provision of dry season access to households which previously had no road access, meaning that they were accessible only by walking. Over the five year period examined in a case study, very little road improvement of this kind actually occurred. The results suggest that substantial educational and health benefits could be derived by providing dry season road access to the 20 per cent of rural households which presently lack it. Source: Author's calculations from LECS III survey data, National Statistical Center, Vientiane.
Note:
Summary diagnostics:
R 2 = 0.656; adj. 0.431; s.e. of estimate = 0.1774; F = 1.701; significance level: p = 0.025.
